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SECOND APPLICATION OF THE 
’'SUCCESSIVE TRANSFORMATIONS METHOD” TO PREDICT 
THE SAFEST LUNAR LANDING SITE FOR AN ASTRONAUT 

REPORT 3 


By Hector R. Rojas, Ph. D. 


INTRODUCTION 

The purpose of the first application of the "Successive 
Transformations Method” described in the second report was to 
determine, for a manned spacecraft, the optimum landing site 
on the moon. The results obtained, made by extrapolating the 
temperature T 0 furnished by Surveyor, can be summarized as 
follows: (1) The method is efficient in allowing selection 

of the optimum landing area. (2) The area selected is exten¬ 
sive and relatively flat; consequently, it is sufficient to 
allow trine for the difficult landing operation which results 
from the high speed of the spacecraft when reaching the moon. 
(3) The relative temperature obtained is lower than that 
where Surveyor landed. 

In this third report, a second application of the 
"Successive Transformations” is described to determine the 
safest conditions of a given landing site for the astronaut, 
especially in relation to determining the composition of 
the lunar surface material. As a means of accomplishing 
this task, it is the intent of this paper to analyze lunar 
craters since they are present over so much of the lunar 
surface. 
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The conclusions reached in the second report, as well as 
those in the third report, are the basis for analyzing 
Orbiter photographs; consequently, we are obligated to 
discuss first some problems regarding stereographic measure¬ 
ments and their interpretation. The reason for this is to 
allow comparison of the albedos determined in this report 
with those given by the standard lunar photometric contours 
to see how well the values match when analyzing the Orbiter 
photographs. In discussing image quality, we need to be sure 
that photographs of landing sites have good contrast so that 
they can be related with different albedos of the lunar area 
under examination. 

For example, we know that there are many cases in lunar 
photography in which high quality images are recorded for an 
area or for an entire hemisphere but the coverage is 
monoscopic. This is generally true for earth-based astrono¬ 
mical observations where the synchronous rates of lunar 
revolution and rotation caused the same hemisphere to be 
turned toward the observer. The variation of the direction 
of perspective due to the lunar librations is not adequate 
to permit stereographic measurements of local variations in 
the topography of the moon. The Orbiter's low resolution 
photographic coverage has provided good stereographic coverage 
from which topographic measurements can be made. Their 
high resolution photographs sometimes have very little overlap, 
but this is due to the photographic mode selected. 

The method based on measurement and reduction of shadow 
lengths has long been used as a means for obtaining relative 
heights of objects, both in photogrammetry and in lunar 
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astronomy. However, there are limitations in the application 
of this procedure since it requires that the slope gradients 
exceed the angle of illumination. When observations are made 
at the low sun angles required to obtain the sensitivity 
required in using the shadow method, there is a general mash¬ 
ing of detail in the area because of the number and size of 
the shadows cast. The alternative approach to this problem 
has been the analysis of the photometric output of the lunar 
surface under any given combination of observation and illumi¬ 
nation angles, with the objective of interpreting photometric 
differences across an area resulting from change of local 
slope. These slopes can be integrated along the direction 
of illumination to yield relative height information. 

For the analysis of the Orbiter's photographic images, 
which will be examined in more detail in a succeeding report, 
it will be necessary to do a rigorous evaluation of the 
intensity transfer function of the camera lens and sensor 
system to describe the field pattern that the camera imposes 
upon the observed scene brightness. Present interpretation 
of lunar topography utilizes the application of photometry 
to topography through the observer's advance knowledge of 
what the brightness output of the landing site surface should 
be. If variation of brightness is found in the photograph of 
a given landing site, then the observer must have at hand 
the photometric properties of the surface material under study 
to permit identification of the sources of variation and to 
interpret the information quantitatively. 

From all that has been described, one can see how impor¬ 
tant it is to make a joint analysis of the Orbiter's photo¬ 
graphs by considering the following aspects: (1) Establish 
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height evaluation differences between images taken from 28 
and 238,900 miles, respectively (from Orbiter and from earth). 
(2) Apply the photometry to topographic studies of the landing 
sites to establish analysis of the eventual brightness varia¬ 
tion. (3) Use the slope, n/N, from the Surveyor study, second 
report, to help discriminate in the same manner between the 
height evaluation differences mentioned above. The albedos 
obtained from this report will help in the analysis of 
brightness variation described above. By utilizing all 
these data in conjunction with the study of Orbiter photo¬ 
graphs, we shall be in a better position to obtain qualitative 
information about any of the landing sites proposed by NASA 
so that a final choice can be made. This is what we intend 
to do at a later time. 
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Chapter 1 

DEFINITION OF THE METHOD FOR ALBEDOS 


The application of the method of "Successive 
Transformations" for determining albedos requires a review 
of previous reports describing the method. From Scheme 4, 
shown on page A-4 of the first report, we shall utilize the 
slope, n/N , to analyze the variation of albedos in any 
lunar area from its border to its center. In a similar 
manner, as pointed out in page 9 of the second report, we 
shall use the differences found in the effective temperature 
increments, ST 0 , to establish relatively flat surfaces, 
elevations, craters and depressions. In other words, instead 
of making unnecessary computations, we shall use the values 
of STo obtained from Surveyor’s data and the corresponding 
values of n/N to establish the variation in albedo. To 
aid in understanding this method, consider that there would 
not be an albedo variation on the moon if only flat, smooth 
surfaces of homogenous composition existed. Since this is 
not the case, we have the following four variations: 

= Aj for relatively flat surface 

= A 2 for elevations 

= A 3 for craters 

= A 4 for depressions , 

where Ai, A 2 , A 3 and A 4 represent the corresponding albe¬ 
dos of the different topographic characteristics t, x, y 


( 5 T °/r) • * 

(sT 0 /a) . x 

( 6 T °/r) • y 
( 5 T °/h) • z 
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and z mentioned above. However, in the case of the moon, 
topographic relief is not continuous. That is, a given rela¬ 
tively flat surface is interrupted by craters, depressions or 
small elevations. The same thing can be said for mountainous 
formations and large craters. As a consequence, the charac¬ 
teristics t, x, y and z of such topographic relief are 
much more complex to define. 

Procedure for Obtaining Albedos 

To obtain the correct albedos from the values of (n/N) 
and 6 T 0 , proceed in the following manner: 

1. Select the points of interest on the lunar map for each 
type of topographic relief considered. 

2. Superimpose on that lunar map the transparent overlay of 
effective temperature contours mentioned in the second 
report. 

i 

3. For each lunar relief feature considered, read the T 0 
from the North to the South and from the West to the 
East through the center of the area where readings of 

i 

such T 0 are made. (The center of the area is the 

center of the lunar relief feature.) Next, take the 

difference values of 6 T 0 between North -* South and 

East -> West readings; let us write such differences 
/\ 

as 6T 0 to note that they belong to either a central 
point of a relatively flat surface, to the vertex of 
a crater, or to the top of an elevation. 

i 

4. When reading the value of T 0 on the transparent overlay 
superimposed on the lunar map, make note of the values 

n and N to compute the slopes (n/N) . 
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5. With the values (n/N) and 6T 0 for each lunar 
feature, compute their corresponding albedos using 
the equations that follow. These albedos will be des¬ 
ignated Aq to indicate that they are obtained from T 0 
furnished by Surveyor. Since by definition the expression 

<5To/£ corresponds to the absorption of sunlight by the 

lunar surface, the Aq is an "equivalent albedo" 
as compared with the albedo which is measured on earth. 

In other words, the "equivalent albedo A 0 " is the remain¬ 
ing sunlight which is reflected after a fraction of such 
sunlight is absorbed by the lunar surface. The albedo 
measured on earth, therefore, corresponds to reflected 
sunlight. 


Definition of "Equivalent Albedo A 0 " 
and the Earth Albedo 

To better understand the respective definitions of the 
"equivalent albedo A 0 " and the albedo measured on earth, let 
us examine Scheme VI of this report and point out the follow¬ 
ing facts: (1) A fraction of the sunlight is absorbed by 
the lunar material. (2) Another fraction is scattered by 
the surface itself and the importance of such scattered sun¬ 
light depends on the grainsize and the topographic irregular¬ 
ities of the lunar surface. (A more detailed treatment of 
the scattering of sunlight will be presented in the next 
report.) (3) Finally, the remaining sunlight is reflected. 

On the other hand, the reflected sunlight from the 
moon encounters the following modifications: (1) A fraction 
of the reflected sunlight is scattered by our atmosphere. (2) 
The direction of the reflected beam is modified by the air mass 
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(3) The said reflected sunlight suffers more important 
atmospheric absorption in certain wavelengths than in others; 
in other words, the earth's atmospheric absorption is not 
homogenous. 


Obtaining "Equivalent Albedo A" 
from the T 0 Furnished by Surveyor 

Since the moon does not have an atmosphere, sunlight 
penetrates into the lunar surface to a depth that depends on 
the wavelength. This has been indicated in the graph of 
Scheme VI. The depth reached by a given wavelength of light 
depends on the nature of the lunar material. From the prac¬ 
tical point of view when making earth-based observations, the 
lunar surface composition of a given area can be studied by 
taking the color indices (U - B) , (B - V) , etc. But in view 
of the fact that earth atmospheric absorption varies with the 
wavelength, it is better to observe this phenomenon at high 
altitudes (more than 10,000 feet) in order to get data of 
good quality. 

Besides the penetration of the sunlight into the surface, 
Scheme VI shows that infrared energy also is radiated from the 
moon. So the radiation that we receive from the moon is 
composed of reflected sunlight and thermal radiation produced 
by the moon itself. The lunar thermal radiation is independent 
of the nature of its surface materials and depends only on the 
temperature of these materials. For this reason, if any useful 
information is to be obtained from Surveyor, it should be 
in the spectral regions where the thermal radiation effects 
are negligible. Under sunlit conditions, the intensity of the 
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sunlight equals the intensity of the thermal radiation in 
the wavelength region of 3 microns. For wavelengths shorter 
than this, the sunlight is dominant, but the opposite happens 
in the case of longer wavelengths and infrared radiation 
prevails. 

Therefore, between observations from Surveyor on the moon 
and those made from earth, we have the following two differ¬ 
ences: (1) The wavelength region of 3 microns is important 

for the "equivalent albedo A 0 " from the T 0 furnished by 
Surveyor. (2) The wavelength region of earth-based observa¬ 
tions is smaller by 0.5 microns than that already mentioned; 
this is due to atmosphere opacity. From (1) and (2), we see 
that photometric observations with an accuracy of a few per¬ 
cent will limit the long wavelength end of a spectral survey 
to the 2-microns region if lunar surface temperatures enable 
corrections such that meaningful data can be extended to about 
2.5 microns. Beyond this, the earth's atmosphere is opaque 
to about 3.4 microns and the lunar radiation is dominant. 

As a consequence, it appears that the practical long wavelength 
for earth-based observations is about 2.5 microns. 

From this discussion, we see now why T ± and T 2 of 
Scheme VI are equal. We deal only with an infinitely thin 
layer of the lunar surface since this is the case of the near 
infrared end of X = 3y . In the same manner, we see also 
that the Tq of Surveyor corresponds to infinitely thin 
layers of the lunar surface. Because of this, and since the 
case mentioned remains free of the sunlight penetration into 
the lunar surface that results from the variation of wave¬ 
length, we can finally write as follows: 


9 




but, since Tq/Tj = 1 for X = 3p , 

then (14) A 0 = (100 H ST 0 )" 1 

With the application of equation (14) to the different 
lunar reliefs of interest, we can compare its exponential 
curve with the standard lunar photometric contour previously 
mentioned. We shall do this for the "equivalent albedo Aq 1 ’ 
corresponding to craters, elevations and relatively flat 
surfaces which have been chosen on the lunar map or examples 
for this report. The comparison of the A 0 with terrestrial 
samples, however, will not be attempted here because of the 
differences between the "equivalent albedo" and that obtained 
from earth-based observations. In addition, a brief critical 
examination will be made concerning the laboratory method used 
for measuring albedos of terrestrial samples. 
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Chapter 2 

PRESENTATION OF THE RESULTS OBTAINED 
FOR THE "EQUIVALENT ALBEDO A 0 " 

To study the variation of "equivalent albedos" in 
craters, a region of the moon with a quantity of major 
craters has been chosen in order to better determine the 
differences in albedos. In other words, it was convenient 
to choose a zone presenting good contrast between craters 
and relatively flat surfaces and between these relatively 
flat surfaces and other elevations. The areas were chosen 
for the study with respect to the selenographic longitude 
of Surveyor in Western and Eastern Hemisphere sides of the 
spacecraft, 25° relative longitude and a range of from 0° 
to +12° latitude. For the discussion of the results obtained 
concerning the "equivalent albedos A 0 ", those values relating 
to the Western Hemisphere only are graphically represented 
However, complete discussion is given of the values corres¬ 
ponding to the Eastern Hemisphere and the lunar relief 
considered for this is indicated in Figure 14. 

As shown by Scheme Vila, the size of craters has been 
arbitrarily defined with the adjectives "minute, very small, 
smaller, small, medium, large, larger and largest". The 
minute crater is defined in this report as the least visible 
point seen with a magnifier on the lunar map used. In other 
words, the diameters given in Scheme Vila for the craters 
correspond to the difference read on the reference map between 
the Western and Eastern borders of craters; such difference 
for the diameters has been calculated in minutes of arc and 
translated into miles. This latter dimension has been derived 
by adopting a lunar diameter equal to 2,160 miles. Following 
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the instruction given in step 3 of the Procedure for Obtaining 
Albedos, the 6T 0 values have been deducted from the effective 
temperature contour transparent master in the following way. 

As indicated in Scheme VHb, T 0 has been first read from 
the North to the South and then from the East to the West. How¬ 
ever, to obtain optimum precisions of readings, additional TJ 
values have also been read from NW to SE and from NE to 
SW . In this manner, a first differential was obtained with 
the integration of values N S and E W while the second 
differential was obtained with similar integration of values 
NW -► SE and NE -* SW . A mean for 6T 0 has been adopted from 
these two differentials. Also, to define as well as possible 
the temperature variation on the surrounding neighborhood of 
craters, the readings of To were made one degree beyond the 
rims in longitude and in latitude. This procedure enables the 
discrimination of the temperature values corresponding to 
craters varying in size. For the larger categories of craters, 
containing an extension of relatively flat surface and small 
elevations inside, the following procedure was followed: 

1. Considering the center as a point on the relatively flat 
surface, the TjJ values were read, as indicated above, 
going from one degree beyond the rims, through these rims, 
to the center of the crater. 

2. For the rims, as well as the small inner elevations, the 
To values which correspond to the top and to the bottom 
of the craters were considered as a function of the width 
indicated on the lunar map used. 
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3. After establishing the differences between relatively 
flat surfaces and elevations, a final evaluation was 

made of the <5T 0 average by taking into consideration the 
inner depression of the crater. This final evaluation 
is the 6T 0 adopted for the center. 

4, As indicated in Scheme Vlld, a number of circles for the 
T5 in the case of craters with extended and nonextended 
rims were considered. 

For a total of 412 craters in the Eastern Hemisphere of 
Surveyor, the results relating the "equivalent albedos Ao" 
of crater centers are presented in Table 3. In order to 
better follow these craters when examining Figure 14, their 
enumeration in this figure is repeated in the first column 
of Table 3. This column is followed by a second column giving 
the corresponding arbitrary definition of diameter, shown in 
Scheme Vila. In the same manner, their respective seleno- 
graphical coordinates have been added. The fifth column gives 
the slope, n/N , while the sixth gives the TJ obtained for 
the vertex of craters. The lunar material absorption is given 
by the seventh column and the last column gives the "equiva¬ 
lent albedo A 0 " as obtained from equation (14). The word 
"range" used in that last column indicates that the A 0 ’s have 
been obtained according to step 3 mentioned above. Finally, 
the names of some known craters have been indicated. 

Results are given in Table 4 for topographic elevations. 
The definition adopted here for elevation is any kind of lunar 
feature which rises above the relatively flat surface level, 
including rims of craters, ridges, small hills and mountains. 
Some of the crater rims are specifically mentioned in Table 4 
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in order to study the differences in composition, if any, 
of the major craters located in the Eastern Hemisphere of 
Surveyor. With regard to the relatively flat surface, the 
lunar areas have been selected to avoid, as much as possible, 
clusters of very small craters; also, areas where small ridges 
are suspected to be present were avoided. An example of this 
procedure is mentioned in Figure 14, point N°41 . The results 
pertaining to the relatively flat surface are given in Table 5. 

The graphical representation of ''equivalent albedos" for 

the center of craters is given in Figure 10. The ordinate of 

this figure represents the percent of such albedos while the 

abscissa represents the corresponding percent of the absorp- 
A 

tion (N/n) • 5T 0 . As indicated on Figure 10, many of the 
figures representing the results are not placed on the expo¬ 
nential curve. The curve is not large enough to contain all 
results from the 412 craters studied. This is also the reason 
why many values for craters have been placed in their corres¬ 
ponding range of variation instead of their exact position on 
the curve. Concerning the relatively flat surface and eleva¬ 
tions, the graphical representation of their values is given 
in Figures 11 and 12, respectively. However, in the case of 
the relatively flat surface, only the range 0.300 < A 0 < 0.700 
is graphically represented in order to keep the ordinate scale 
used in the other figures. 

In order to facilitate this discussion, two extreme cases 
found for craters and relatively flat surfaces during the 
first analysis of the Orbiter’s photographs are explained. 

The first of these cases concerns some of the small craters 
situated on a relatively flat surface. Their "equivalent 
albedos" are found to be almost equal to 1001. 
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The notation 



Some examples of the Cases A and A are shown in the 

A 3 

illustration below. 

A^ : the close neighborhood of small craters is too bright. 
A g : the neighborhood is darkened. 




is simplified by writing: A r /100=(N/n) • 6T 0 . The A r 
is to distinguish this particular value of A 0 and the 
symbolic equality indicates that the absorption is reaching 
its minimum. The other case concerns the relatively flat 
surface close to small craters which can be expressed: 

A^A^(N/n) • < 5 T 0 . The A^ being the value already mentioned, 
A s is the notation used to distinguish the Aq corresponding 
to this second case from the first one. The symbolic equality 
means that both A^ and A g are reaching the same minimum 
as the absorption. 

The picture above shows some examples of the two cases, 

A r and A g . This picture is a reproduction of an Orbiter II 
photograph showing a large area of the crater Marius on the 
lunar horizon. The eastern neighborhood of this area of Marius 
is not too far from the landing site selected from the slope 
suggested by Figure 1 in the first report, taking as reference 
the site where Surveyor landed. The contrast of the photo¬ 
graph is good enough to show clearly the two cases, A r and 
A s . The craters indicated by A r are too bright in comparison 
with the next surrounding area. With regard to the points 
A s , the figure shows that the relatively flat surface near the 
craters seems to be very dark in comparison with the subsequent 
darkening due to the shadows on areas close to small hills 
and ridges. Both cases are abundant only in areas where the 
effective temperature contours show irregular shapes. 
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Chapter 3 


ANALYSIS OF THE "EQUIVALENT ALBEDOS A 0 " OBTAINED 

In Figure 10, the A 0 obtained for the centers of craters 
provides interesting information about the distribution of 
craters. Upon examination of the lunar map of Figure 14, one 
notices: (1) The major and other significant craters do not 

seem to be randomly distributed on the surface. Although it 
is difficult to well define such a distribution, the general 
impression is that the distribution of craters appears to 
follow an exponential curve which is also followed by other 
less important craters in size as well as in shape. (2) The 
range size of craters going from "minute" to "smaller" does not 
seem to follow any definite distribution. In this regard, 
one notices only that the sizes ranging from "very small" 
to "smaller" craters are often grouped around the bigger ones; 
one sees them in a relatively abundant quantity between 
mountains or forming a chain with ridges. (3) "Minute" 
craters are randomly distributed across the relatively flat 
surfaces of the moon. 

The A 0 of Figure 10 shows a very neat distribution of 
lunar craters. Such a distribution can be described in the 
following way: (1) There is a family of craters composed 
of groups I, II and III. In this family, the inner material 
of craters is reflecting more sunlight than it is absorbing and 
the quantity of reflected sunlight is increasing very fast 
from the craters of group II. There is a very slight 
separation between the end of group IV and the beginning of 
group III, but this separation is very neat between the groups 
III and II and also between II and I. Most of the craters 
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forming this family belong to group III. However, there does 
not appear to be a significant difference in this regard 
between the other two groups. (2) Another family is formed 
by groups IV, V and VI. In this case, the inner materials 
absorb more sunlight than is reflected and the quantity of 
such absorbed sunlight varies very slowly from one group 
to another. The separation is neat between them and, from 
the quantity point of view of craters forming groups in this 
family, it appears that group VI is smaller than the other 
two groups. 

For the Eastern Hemisphere of Surveyor shown in Figure 14, 
an example of the distribution mentioned above is prepared as 
follows: 

First Family 

Group I : Kepler C. 

Group II : Kepler. 

Group III : Copernicus; Kunowsky and Kunowsky D; Encke C; 

Hortensius B, D and s; Kepler D; Lansberg K, 

R and m; Reinhold 8 and 10. 

Second Family 

Group IV : Encke and Encke B; Reinhold and Reinhold t; 

Maestlin; Lansberg and Lansberg A, A 30 , B, 

F and o; Kepler A, A 0 and B; Copernicus N, 

20 and 27; Hortensius A and r; Kunowsky C 
and Co; Gambart AC and AS; Fra Mauro t. 
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Group V 


Fauth; Hortensius and Hortensius E, r and s; 
Encke 3 and D; Reinhold A, N and 24. 

Group VI : Lansberg C and 24; Hortensius 0 and o; 

Reinhold K. 

A 

Figure 10 shows the case (N/n) • 6T 0 = A g = A r . The 
values corresponding to some examples for this case are indi¬ 
cated with the same oval as was done previously in Table 3. 
Also, Figure 10 shows the example represented by crater 2 for 
which the A 0 is relatively high. However, this is due to 
"minute" craters, such as No. 2, randomly distributed on the 
relatively flat surface of the moon. 


In Figure 11, one sees that the variation of A 0 is 
less pronounced in the case of elevations than it is for 
craters. Examination of Figure 11 shows this variation of 
A 0 which can be.summarized as follows: 

Part A: The quantity of reflected sunlight almost 
equals that which is absorbed. Also, from 
one extreme to the other of Part A, this 
variation is almost inversely related to both 

A 

A 0 and (N/n) • STq . Some crater rims with 
this characteristic are Kepler, Lansberg A, 
Hortensius A and Hortensius r. 


Part B: The quantity of reflected sunlight is greater 
than that absorbed and A 0 varies faster than 

A 

(N/n) • 6To . Examples of crater rims with 
this characteristic are Encke B, Kunowsky, 
Kepler D, Reinhold A and Encke. 
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Part C: 


The quantity of the reflected sunlight is 
greater than that absorbed. However, the 

A 

variation of A 0 with respect to (N/rj) • 6To 
is slightly faster. Examples of crater rims 
in this case are Reinhold, Lansberg, Copernicus 
and Fauth. 

Part D: The quantity of reflected sunlight reaches 

A 

its minimum; also, (N/ri • . 6T 0 has very 
small and slow variations. The rims of Maestlin 
belong to this case. 

Concerning the relatively flat surfaces, the quantity of 
reflected sunlight is too great and varying too fast when 
compared with the quantity of sunlight which is absorbed by 
the lunar material. For values of A 0 higher than 35% and 
approaching the case A r , previously mentioned, the rela¬ 
tively flat surface of the moon seems to reflect the sunlight 
as if it were made up of metallic materials which formed a 
"somewhat compact layer". With the term "somewhat" one means 
that such a layer could have a good bearing strength in some 
areas while in other areas it could have a weaker bearing 
strength because of local temperature factors. Such a layer 

A 

might explain why the quantity (N/rj) • 5T 0 reaches its 
maximum so quickly when A 0 « 35% . Also, besides the grain 
size variation of such metallic materials, other types of 
variations in the range 35% < A 0 < 100% could be due to 
the presence of any kind of small lunar relief able to cause 
slight absorption of the sunlight. 

In this respect, for example, the case of points 6, 10 
and 12 are cited in Figure 12. These points are not too far 
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from the site where Surveyor landed. The lunar map of 
Figure 14 shows that these points are close to a ridge; in 
the same manner, the points 8 and 11 of that area are right 
on a very small elevation. A similar comment that one can 
make from Figure 12 concerns the points 22, 23, 24, 25, 26, 

29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, and 40. All these 
points are situated in an area where small ridges, craters 
and elevations are present. With respect to the point 41, it 
has been explained already why such a point has been taken in 
an area other than that previously considered in Figure 14. 

From this analysis of the ’‘equivalent albedo” obtained 
from the T 0 furnished by Surveyor, it appears that one must 
be very cautious in reaching conclusions about the lunar sur¬ 
face composition when comparing albedos of terrestrial samples 
with the standard lunar photometric contours. On one hand, 
earth-based observations are only based on the reflected sun¬ 
light to obtain information about the lunar albedos. However, 
we have seen how the reflected sunlight is altered. Because 
of this troubling factor, it is very difficult to determine 
with good accuracy the real characteristics of the albedos 
corresponding to the different lunar features. On the other 
hand, it appears also that one physical parameter is not enough 
to tell about the nature of a given body. In other words, in 
utilizing comparisons with the standard lunar photometric con¬ 
tours to determine accurately the composition of the lunar 
surface, it is necessary to do the following: (1) Define the 
reduction techniques of observational data to clearly discri¬ 
minate the albedos of the different lunar reliefs. (2) Con¬ 
sider the fraction of sunlight absorbed by the lunar surface 
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feature in question. (3) Make measurements in the laboratory 
of both physical parameters with terrestrial samples. (4) 
Proceed to the joint comparison of the determined measurement 
with those data corresponding to the lunar observations. 
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Chapter 4 


COMPARISON BETWEEN OUR PRESENT KNOWLEDGE ABOUT THE LUNAR 
COMPOSITION AND THE SIMILAR INFORMATION OBTAINED FROM 
THE USE OF ’’EQUIVALENT ALBEDOS” 

The composition of the lunar surface has been previously 
studied mainly by using the lunar-optical scattering law. 

However, the results obtained from this study are not satis¬ 
factory, as yet, for reasons which can be summarized as follows: 
(1) The lunar-scattering law has been established in a very 
empirical way, that is, without first establishing in a 
precise manner the different characteristics of lunar topog¬ 
raphy. (2) It has been the tendency in the past to define 
the scattered light of a body as a function of one, two or 
even three physical parameters and by separately considering 
each of them. However, from the previous explanation, it is 
indicated that the light scattered by lunar material cannot be 
defined as a function of an individual physical parameter 
because all possible factors play their role simultaneously 
in a given area. 

The discrepancies from the comparison of albedos obtained 
from earth-based observations and those obtained from terrestrial 
samples studied in the laboratory are sometimes due to the 
method adopted for establishing such a comparison. For instance, 
the representation of earth-based observational data of albedos 
in the form of a polar diagram of reflectivity, which is also 
known as the diffusion function, gives a group of curves 
extremely extended in the direction of the sun for any angle of 
incidence of the solar rays. When this procedure is followed, 
it appears that the curves corresponding to the maria are 
similar to those corresponding to the elevations. As a result. 
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the conclusion has been that the surface of the moon is 
covered by an extremely porous matter similar to a slag 
or a spongy structure. 

The comparison between the sunlight reflected by the lunar 
surface and that reflected by different artificial models and 
terrestrial samples has been based on a reflection law defined 
by a very empirical method. In effect, such a method consists 
of a photometric comparison of the determined reflection law 
for the moon and for those objects under test. This comparison 
is done in two different ways: (1) The brightness of the 
lunar surface coefficient is obtained as a function of the 
angle of incidence for solar rays, the angle of reflection and 
the phase angle. (2) The lunar-surface brightness coefficient 
is then compared with the brightness coefficient obtained for 
terrestrial samples. However, this method is already limited 
due to the fact that the lunar surface coefficient variation 
is established from empirical methods. As a result, the 
range of possible values of reflectivity is severely limited 
for each particular region of the lunar surface. 

The method using the indicatrix of scattering is incon¬ 
venient. In the first place, the comparison of scattering 
indicatrix of the lunar surface with those of terrestrial 
formations assumes that a general mean indicatrix can be 
photometrically obtained for the moon by comparing it with 
supposedly similar terrestrial materials. However, because 
of the particular conditions of observation of the moon, it 
is not possible to determine scattering indicatrix from earth 
for any sector of the lunar surface. Secondly, lunar objects 
could be observed from a single angle of view, and with limited 
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combinations of angle of incidence and azimuth of the incident 
ray, which can be determined from the position of the lunar 
object observed on the disk of the moon. There is also the 
difficulty of making appropriate identification and fixation 
for separate sectors of the lunar surface when observing them 
by visual photometers, especially when the assumption is made 
that the light scattering law is the same for all lunar objects 
observed. Or to put it another way, the errors committed when 
measuring the relatively flat surface of maria could be small; 
however, these errors would be considerable for those eleva¬ 
tions which might have, photometrically speaking, a less homo¬ 
geneous structure. 

It must also be pointed out that a very unusual scatter¬ 
ing property has been attributed to the moon. Some authors 
think that the large backscatter could be produced by corner 
reflectors or transparent spheres of proper refractive index. 
However, such structures are obviously artificial and contrived, 
inasmuch as they would have to cover the entire lunar surface 
and would not endure long under micrometeorite bombardment. 
Another explanation for the peculiar photometric behavior 
attributed to the moon is that it results from shadows cast 
by an intricately structured material lying on the lunar 
surface. This hypothesis also claims that the structure into 
which this material is arranged is large in comparison with 
a wavelength of visible light, since objects comparable with 
or smaller than a wavelength forward-scatter light and a 
narrow backscatter peak would be impossible. The conclusion 
that results from these theories is that the surface of the 
moon must be covered by an optically thick layer of extremely 
rough material with irregularities of size between lOy 
and 1 cm . 
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The investigations undertaken in the laboratory show 
that the photometric properties of the lunar surface corres¬ 
pond to terrestrial samples such as rocks, sands, lavas, 
volcanic ashes and meteorites. The major difficulty found 
for these materials is that none reproduce exactly the lunar 
reflection law. Many authors explain this by stating that the 
lunar surface has been exposed to a type of weathering far 
different from that to which terrestrial rocks have 
been exposed. Other investigators think that bombardment 
by micrometeorites and solar corpuscular radiation should 
alter the optical properties of minerals appreciably. However, 
the terrestrial samples could reproduce the lunar reflection 
law if one had the capability to perform the laboratory 
experiments under the same conditions as those of the moon. 

The most accurately obtained only take into consideration 
the albedo, the optical scattering characteristics of the 
individual objects of which the surface is composed, and the 
type of structure in which the objects are arranged. 

Let us now consider the following questions: Since we 
must be cautious when making conclusions from earth-based 
observations, then what would be the most appropriate way to 
get information about the real composition of the lunar sur¬ 
face? For example, is there a general composition for the 
whole lunar surface or has each lunar relief its own charac¬ 
teristic composition? There is no doubt that, with regard to 
the first question, the best lunar observations should be done 
out of our atmosphere. With regard to the second question, the 
writer has attempted to obtain necessary information by exam¬ 
ining the variation of behavior of the quantities A 0 , 

A 

(N/n) • 6To . For each of the lunar relief features considered 
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in this report, the graphical representation of such a variation 
of behavior is done within Figure 13. The abscissa represents 

A 

the absorption (N/n) * <$T 0 while the ordinate represents the 
"equivalent albedo A 0 ". 

Each of the exponential curves shown in Figure 13 is the 
mean of results obtained, respectively, for craters, elevations 
and relatively flat surfaces. The first impression that one 
gets from Figure 13 is that there is not a general composition 
for the whole lunar surface but rather a characteristic com¬ 
position for each of the lunar relief features considered. 
However, judging from the evolution of each of such exponential 
curves, one gets the impression that the composition of relief 
seems to be much more related to the factors influencing the 
evolution of the original features rather than to be strongly 
influenced, or modified, by factors such as the solar corpus¬ 
cular radiation or by changes resulting from bombardment of 
micrometeorites. 

The variation of behavior in Figure 13 can be described 
as follows: (1) The variation of both quantities A 0 and 

/A 

(N/n) • <5T 0 is well defined in a certain range for each of 
the lunar relief features considered. The determined range 
is about 0.01 < A 0 < 0.30 for reflected sunlight by the 
lunar craters, about 0.01 < A 0 < 0.10 for the elevations 
and about 0.15 < A 0 < 1.00 for relatively flat surfaces. 

(2) There is a discontinuity between elevations and relatively 
flat surfaces between Aq % 0.10 and Aq « 0.15. This dis¬ 
continuity indicates that the relatively flat surfaces in the 
vicinity of elevations become highly absorbant of the 
sunlight. (3) The lunar craters, in the range already 
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mentioned, are at the same time more absorbant and more 
reflectant material of sunlight, within the same range of 
A 0 , than elevations and relatively flat surfaces. In effect, 
when Aq « 0.30 , their exponential curve tends to conform to 
that of relatively flat surfaces. Since the value A 0 ~ 0.30 
corresponds to very small craters, then the said tendency 
means that craters smaller than this, i.e., ’’very small crater 
category", also have their absorbant and reflectant properties 
conform to that of the lunar area where they exist. 

From this comparison between our present knowledge about 
the lunar composition and the same information determined from 
earth observations, we see that improvement must still be made 
on studies based on the application of the lunar optical 
scattering law or through use of indicatrix of scattering. 
Another important question is to know the eventual differences 
in albedo, in a given point of the lunar surface, when removing 
the loose surface material. In the point where Surveyor landed, 
for example, the scene luminance was measured for parts 
of the lunar surface surrounding the pad upon which the 
photometric target was mounted. By fitting the measured 
scene luminance to the photometric function from the 
telescopic measurements of Fedorets, an estimate of 9% 
for the normal albedo was derived for the parts of the 
surface which appeared to be undisturbed by the pad. The 
estimate albedo for the disturbed areas was about 3 % 
lower. However, the scattered light from the spacecraft 
has been a particular problem in evaluating the luminance 
on the lunar surface. There is no doubt that the direct 
determination of the scattered light from the Orbiters' 
photographs is necessary to get more precise information 
about the lunar surface composition. 
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Chapter 5 

CONSIDERATIONS FURNISHED BY THE "EQUIVALENT ALBEDOS" 

FOR ANALYZING THE LUNAR SURFACE PHOTOGRAPHS: 

From the variation of behavior of the "equivalent albedos" 
which has been previously described, we have determined certain 
values of A 0 which seem to indicate that the moon is not a 
"dead body". The moon seems to contain some areas which 
might be dangerous for the astronauts. Examples of such 
peculiar values of A 0 are the two cases, A f and A , and 
some craters which will be examined in greater detail in the 
final part of this report. Since the astronaut is supposed 
to do some lunar exploration at the landing site selected 
from earth, then we must determine, in advance, if a selected 
area could have small regions dangerous for landing. With 
this information, and in view of the fact that the astronaut 
must, while in flight, identify the area of interest, we can 
define the minimum requirements of the equipment carried for 
the tracking operation. 

From the analysis of the Orbiters' photographs we require 
the following additional information: (1) Definition of 
the lunar exploration the astronaut is to conduct. (2) 
Definition, before determining lunar slopes from the photo¬ 
graphs, of the problems which result from the attenuation of 
reflected sunlight by our atmosphere when comparing albedos 
using the lunar photometric function method. To analyze for 
the dangerous points in a supposed safest area, it is first 
necessary to examine all available lunar photographs in order 
to extend the knowledge so acquired to the whole lunar surface. 
This means that an examination must be made of all Ranger, 
Surveyor and Orb.iter photographs at our disposal. In effect, 
dangerous points in a supposed safest area could have their 
origin far from the area under examination. 
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First, we must consider the degree of lunar coverage 
accomplished per flight, the extent of the lunar surface 
spectrally analyzed and the suitability of the results for 
correlation with data obtained from other remote sensing 
experiments. Thus, the analysis of pictures represents an 
integrated and complementary photographic package, with 
respect to spatial and spectral resolution and coverage, 
to better discriminate the dangerous points within the area 
studied. Of course, the work must be complemented with 
measurements on the photographs. Size, shape, texture and 
configuration of the lunar surface features to determine the 
local and regional variations in the spectral reflectivity 
and emissivity of the lunar surface must be determined. For 

O 

this purpose, one can use the wavelength range from 2000A 

O 

to l.ly in the imaging systems, and the ranges from 1000A 

o 

to 3000A and from ly to 20y for the non-imaging systems. 
In regard to the overall scientific information which must 
be furnished to the astronaut prior to the launch, the check 
of the results of analyses should be done as follows: (1) 

After establishment of controls for lunar geodetic surveys, 
identification of peculiar points within new lunar topographic 
maps should be produced through use of metric and panoramic 
photography. (2) Final identification and discrimination of 
lunar features should be made utilizing high resolution and 
multiband synoptic photography. (3) Application of (2) with 
regard to peculiar lunar features within ultra high resolution 
photography coupled with multiband remote sensing. Checking 
will be much easier to accomplish with new experiments expected 
from the next Surveyor. 

Secondly, we must consider the observational equipment 
to be carred on the manned spacecraft in the specifications 
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to be furnished to NASA. In other words, the most convenient 
camera system and individual components should result from 
knowledge acquired from the analyses of Ranger, Surveyor and 
Orbiter photographs. From these analyses, specifications 
resulting from preliminary estimation would be as follows: 

(1) A system operating in two modes, imaging and non-imaging, 
will be necessary. The primary system should be a telescope 
of about 16" aperture which, by use of beam splitters, 
would form a number of separate images. Because of the dual 
requirements of image motion compensation and long integration 
times, this telescope should be appropriate for efficiently 
tracking the target. From examination of the first Orbiter III 
photographs which have been made available, the 16 M aperture 
telescope must be linked to the viewfinder so that the 
astronaut can easily identify the area of interest within the 
ultra high resolution system. The next Surveyor scheduled 
for April 1967 could give us more information about points 
(1) and (2). 

Concerning the photometric and other photographic char¬ 
acteristics required for geologic study and mapping prior to 
the launch of the manned spacecraft, the first task should 
be to do the specific earth-based observations suggested by 
the "equivalent albedos” results presented in this report. 

The identification and discrimination of the two cases, A 
and A s , is easy to do when using the procedure developed 
by the successive transformations of observational data. For 
example, if we assume that eventual landing sites are selected 
on the Eastern Hemisphere of Surveyor shown by Figure 14, 
promptly we would see that the peculiar points already cited 
are situated in Figure 15 in areas where the Effective Tem¬ 
perature Contours show irregularities. In effect, besides 
the examples graphically represented with ovals in Figure 15, 
all convergences of contours or shapes other than straight 
lines indicate the presence of such peculiar points. Thus, 
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as indicated by Figure 15, it is necessary and sufficient'to 
place the transparent master of Effective Temperature Contours 
over the lunar map for the area of interest, to quickly 
identify and discriminate the points corresponding to the 
cases mentioned above. 

However, as previously pointed out, the analysis of 
earth-based observational data within the Standard Lunar 
Photometric Contour still has to be perfected. This is 
especially true to establish the effect of the attenuation 
by our atmosphere on the reflected sunlight. Also, we can 
see in the example in Figure 16 the atmosphere absorption 
effects shown by the comparison between the ’’equivalent 
albedos” and the said lunar photometric contours. Since 
the observational brightness is referred to the standard 
brightness of an ideal white diffused reflector under the 
same conditions of illumination, the albedo determined in 
this way does not eliminate, completely, the error introduced 
by the earth atmosphere on the intensity of the reflected 
sunlight. Thus, when observational data minus observational 
errors are divided by a constant, the result is that the 
corresponding albedo’s curve is higher than the real albedo's 
curve of reflected sunlight before penetrating our atmosphere. 
The atmosphere refraction effects are not well defined as yet 
in the method using the lunar photometric function. (The 
abscissae given in Figure 16 for the Standard Lunar Photo¬ 
metric Contour will be explained later.) 

This first comparison between both exponential curves 
in Figure 16 shows that, with new improvements, the method 
using the Standard Lunar Photometric Contour is adequate to 
measure slopes from the lunar surface photographs. As 
will be seen in the next section, such a method is even 
to be recommended when jointly used with the exponential 
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curve of "equivalent albedos" for testing slope measurements. 
This is just what is needed since the arguments used against 
the method cited is that there has been little opportunity 
to check its validity. In other words, with the Ranger, 
Surveyor and Orbiter photographs plus the "equivalent albedos" 
resulting from this research there is now a good opportunity 
to use it with confidence. One can say that the first thing 
to do is to eliminate the normal errors introduced in the 
definition of the photometric function. In the same manner, 
the way to determine albedos must be reviewed, especially 
the methods of data reduction, so that consideration of 
other factors such as the lens transmission and illumination 
values can be made. 
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Chapter 6 

THE USE OF "EQUIVALENT ALBEDO" AND STANDARD LUNAR 

PHOTOMETRIC CURVES FOR MEASURING SLOPES FROM LUNAR 
SURFACE PHOTOGRAPHS, ABSORPTION EFFECTS 

Of all the problems involved in utilizing the present 
state of the Standard Lunar Photometric curves, perhaps the 
most important is the alteration of reflected sunlight by 
our atmosphere. In this respect, the biggest uncertainty 
in using it comes from the fact that one cannot accurately 
discriminate the different albedos of the lunar relief 
features. Among the complicated factors to consider in 
earth-based observations are image distortion and the vari¬ 
able attenuation of the radiation’s intensity which must be 
considered in the following way: (1) Define the techniques 
of photometric observations to eliminate as nearly as possible 
the effects of atmospheric tremors. For example, when observ¬ 
ing a small area of the moon, the oscillation of the image 
that falls on the entrance aperture of the photometer must 
be eliminated. (2) Eliminate the light contamination effects. 
For a given small area of the moon observed, the light con¬ 
tamination coming from adjoining areas is introduced into 
the signal and its amplitude varies with the quality of the 
viewing. In such a case, the photometric accuracy desired 
depends on the general nature of the local region observed on 
the moon. As a result, good accuracy can be obtained by 
determining the optimum size entrance aperture on the photo¬ 
meter as a function of the steadiness of the image. 

The analysis shown in Figure 10, 11 and 12, reveals that 
the light contamination from surrounding areas would be less 
important in earth-based observations if the lunar surface 
of the same topography is considered separately. However, 
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such contamination always is important in the category of 
"large, larger and largest" craters and it is caused by the 
inner relatively flat surface; in the same manner, it is 
important in extended relatively flat surfaces which have 
significant groups of "smaller, small and medium" craters. 

It is recommended that, when observing specific areas of 
landing sites selected by NASA, the larger aperture size 
of the photometer should be used during nights of large 
image excursion. As a consequence, the light contamination 
would be held to a level below a 51 accuracy on the photo¬ 
metric measurements. However, for the lunar areas where the 
contrast among features is important, the lowest light 
contamination level can be obtained by establishing the mean 
of separate observations of such features. 

Also, since the observation of landing sites selected by 
NASA concerns specific lunar areas, another recommendation is 
to eliminate the light contamination effects caused by the 
telescope guiding errors. In this respect, and since a given 
slit width required increases as the photometric tolerances 
become more stringent and seeing amplitude gets larger, the 
effects would be considerably diminished by observing with 
small slit width each time the intensity differences of 
contrasts are small in the lunar regions observed. With 
regard to image distortion, the problem is accentuated in 
the sense that the attenuation caused by our atmosphere 
varies with the wavelength and observing time. For example, 
in the range 0.4y -► 2.5y most of the absorption is due to 
water vapor, with several "windows" ocurring in this region, 
and the intensity of the absorption in these regions is a 
function of the water vapor content of the atmosphere. 
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Because of this, it is difficult to determine with accuracy 
the earth atmospheric absorption coefficient. Still other 
troubling factors are the air mass variation in latitude and 
altitude of the observing site, the more complex variation 
of the overlying air mass with temperature, degree of humidity, 
zenithal distance of the moon, atmospheric turbulence, etc. 
These make it much more difficult to obtain a good accuracy 
on the determination of the coefficient already mentioned. 

From the reasons explained, one sees that a final earth- 
based data "observed reflected light intensity plus atmospheric 
attenuation" never exactly reproduce the real intensity of 
the reflected moonlight before penetrating our atmosphere. 

A first comparison between exponential curves of "equivalent 
albedo" and Standard Lunar Photometric Albedos cannot agree in 
spite of corrections made on observational data. This can be 
noticed in Figure 16 by observing that the Standard Photometric 
Albedos are still greater than those of other exponential 
curves. These Standard Lunar.Photometric Albedos represent 
a mean established from observations made by Fedoretz, Minnaert 
and Gehrels; Orlova and Van Diggelen established the said 
mean after analyzing data corresponding to a great number of 
crater floors, maria and continents distributed widely 
over the lunar disk. The average measurements of such lunar 
features are presented as brightness versus phase curves 
for longitudes 0°, 30° and 60°. The zero of said longitudes, 
which are also named "viewing angles E," corresponds to 
the apparent center of the lunar disk. 

The additional abscissa axis of Figure 16, which was 
explained earlier, is necessary for the comparison that we 
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discuss here because of the different definitions between the 
Standard Lunar Photometric Albedos and Aq . In other words, 
since the absorption of the reflected sunlight by the lunar 
material is not represented in the Standard Lunar Photometric 
Contour, for the said comparison, it has been necessary to 
proceed as follows: (1) For both hemispheres of Surveyor 
which have been previously described, and for some points 
considered in this report but included in the observations 
of Fedoretz, Minnaert and Gehrels, one has taken the corres¬ 
ponding cosine of the viewing angle E; this data cos E , 
is affected by a factor of 10 in order to match the scale 
adopted in Figure 16. (2) Since earth-based observations 

albedos are with respect to A 0 , the remaining quantity 
of sunlight which is reflected after absorption, then the 
additional abscissa represents the said quantity of light 
(N/O • 6T 0 /10 cos E left free and reflected by the lunar 
material at the point considered the moon surface. (3) To 
keep the working style of this research, one has adopted the 
longitude of Surveyor as reference instead of that corres¬ 
ponding to the apparent center of the lunar disk. (This is 
indicated in Scheme VIII, where some points considered in Figure 
14 for the Eastern Hemisphere of Surveyor are also mentioned.) 

Before further discussion and for the sake of clarity, 
it would be convenient to recall briefly the following 
facts: (1) The exponential curve of A 0 used in the com¬ 

parison is a mean established from Figures 10, 11 and 12; the 
only difference is that the discontinuity between the rel¬ 
atively flat surfaces and elevations has not been taken into 
consideration. (2) However, on the exponential curve of A 0 
shown in Figure 16, it has been indicated where discontinuity 
occurs. The maximums found on the curves correspond to 
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craters and elevations, and the minimum corresponds to the 
relatively flat surfaces. The agreement is good between the 
two curves in the case of relatively flat surfaces and eleva¬ 
tions; this is because the light contamination is less impor¬ 
tant in earth-based observations corresponding to the lunar 
areas with almost constant topography. The agreement dis¬ 
appears little by little as the light contamination caused 
by significant groups of "smaller, small and medium" craters 
becomes important. However, there is no agreement for other 
size categories of craters bigger than those already cited; 
this is due to the light contamination coming from relatively 
flat surfaces inside significant craters. 

We see that agreement sought from direct comparison 
between "equivalent albedos" and Standard Lunar Photometric 
curves can be summarized as follows: (1) Correlation between 
earth-based observational albedos and Aq ; this means that 
the observational albedos must be considered with respect to 
Aq as the quantity of sunlight left free and reflected by 
the moon at the point considered. (2) Correction of observa¬ 
tional data of the light contamination effect; this correction 
must be separately done for each of lunar relief features. 
Figure 16 contains an analysis and discussion of points (1) 
and (2) from which one can reach the following conclusions: 

The agreement is good concerning the comparison established 
in point (1). The light contamination effects of point (2) 
persist in the case of craters; such an effect becomes less 
and less important with the presence of groups of "smaller, 
small and medium" craters and becomes markedly strong in the 
case of significant craters. 
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The light contamination effects should be analyzed by 
comparing only the Standard Lunar Photometric contours with 
the exponential curves for craters. This has been done 
in Figure 17 and it.appears that this comparison would 
give a best fit if our atmosphere were able to discriminate 
clearly the sunlight reflected by the inner relatively flat 
surfaces and rims of significant craters. In order to resolve 
the problem graphically illustrated in Figure 17, let us 
consider in SCHEME VI the arbitrary position P r which is 
opposite P . As it is better shown in SCHEME IX, let us 
consider the imaginary triangle SUN-MOON-P* instead of that 
SUN-MOON-P. The previous analysis of the reflected sunlight 
will be imaginarily done at P' , where there is no question 
about any atmospheric disturbance. With regard to the connec¬ 
tion between the practical point of view and this other analy¬ 
sis, let us proceed in the following way: 

(1) Determine from the lunar ephemerides the angle i 
corresponding to the position A of the moon, as shown in 
SCHEME IX. (2) For that ephemeric data, and after correction 
of the atmospheric refraction coefficient corresponding to 
the divers factors described by the refraction laws, determine 
the angle h between the reflected sunray and that coming 
directly from the sun toward the earth. (3) Check the values 
of h and i by taking into consideration the angle j 
between the sunray going to the moon and that coming toward 
us (after have made for j the same type of correction for 
the atmospheric refraction coefficient). (4) Since the 

summations of (h 1 + i* + j' = 180°) p , and that of 
(h + i + j » 180°)p , establish the difference between both 
summations to get the coefficient defining the deviation 
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caused by our atmosphere on the direction of the reflected 
ray of SCHEME IX. (5) To assign such a coefficient to the 
value of the viewing angle E as a function of that of i 
previously determined in (1). 

In this way, if our atmosphere is not able to clearly 
discriminate the light contamination effects when observing 
different features of a given lunar area, we have at least 
now a new coefficient which defines the real direction that 
a given reflected sunray had before penetrating the earth's 
atmosphere. With the knowledge of the absorption by the 
lunar material of the sunray before reflecting it and that 
deviation coefficient already cited, it is. possible to obtain 
a mean profile between two curves which can serve as reference 
for checking earth-based observational data. As is shown 
in Figure 18, the agreement between said curves is reached 

• A. 

with the new abscissa axis (N/c) • 6T 0 /3/5 cos E when 
E < 45°, or (N/c) • 6T 0 /3/5 sin E when E > 45° . This 
coefficient 3/5 is a mean established from the same observa¬ 
tions made by Fedoretz, Minnaert and Gehrels and corresponding 
to the points considered in this research. However, if 
a perfect fit of the curves in Figure 18 is preferred, instead 
of a mean profile, then it is recommended that the operations 
described above in (1), (2), (3), (4) and (5) be repeated 
for at least 3 different positions of the moon, such as A, 

A', A" in SCHEME IX, during a same observing night and, better 
yet, to make the observations on three nights. Then the final 
plot in Figure 18 would be done with the mean from the 3 
values of the atmospheric refraction coefficient. 

As a conclusion, the fit above between the "equivalent 
albedo" and the Standard Lunar Photometric curves constitutes 
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a good method for precisely measuring slopes from lunar surface 
photographs to overcome the lunar area considered under two 
different illumination conditions, preferably with opposite 
phase angles. With regard to the albedo determinations from 
Orbiter photographs, it would be advisable to first correlate 
the stereo compilation and the photometric reduction with 
the low resolution photography and extrapolate the results 
to high resolution image. After this, the albedos obtained 
can be analyzed within the explanation of Figure 18. This 
type of analysis will provide valuable information for carto¬ 
graphic support at a time in which all data reduction tools 
will be pressed to their limits. 
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Chapter 7 

CRATERS WHICH APPEAR INCONVENIENT FOR BEING 
EXPLORED BY THE ASTRONAUT 

The Ranger, Surveyor and Orbiter photographs do not 
indicate any unduly hazardous aspects of the lunar craters 
which cause astronauts to avoid them; on the contrary, they 
appear as inactive craters on the lunar photographs. The 
difference in albedo A 0 from outside to the craters' centers, 
however, shows that some of them are not "dead craters" and that 
their distribution on the lunar surface is related to the 
origin and evolution of the groups established in Figure 10. 

As described previously, such distribution was found with 
characteristics similar to that defined by exponential curves. 

In a similar manner, it has been found that origin and 
evoluation of these groups arise from the existence of two 
families of craters; these two families appear different. 

In order to define the lunar explorations that the astronaut 
is supposed to do, let us discriminate the inconvenient 
craters in the following way:. 

The gradual change in albedo along a line from a point 
outside of a crater to the center of a crater, as shown in 
Scheme VII, may be measured for all craters situated within 
the ridge-rimmed elliptical area where Surveyor landed 
and may be compared with that of Flamsteed. This has been 
done for the lunar areas mentioned earlier; that is, for 25° 
on both sides of Surveyor's longitude and for the latitude 
range going from 0° to ±12°. Without distinction of groups, 
the craters of this lunar area can be aligned according 
to the directions which are directly suggested by the lunar 
map. After this, lines of craters can be joined according 
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Example of the Distribution of the Lunar Craters 
(I,II,III,...,VI, groups of Fig. 10) 


HI 4 Ho 4 if 3x* 10° *•* U 9 iV tf «• 



to their respective convergences, the final convergence being 
marked by the alignment of small craters. Finally, identifi¬ 
cation of the different groups of craters in Figure 10 can 
be made by using the difference in Aq mentioned above. 
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An example of this procedure is shown in Diagram I for 
lunar surface analyzed between 20°W and 44°W and for latitudes 
going from -5° to +11°. (Although the selenographic coor¬ 
dinates of Surveyor are indicated in Diagram I, the difference 
in A 0 are referred, as indicated above, to the difference 
in Aq corresponding to Flamsteed.) 

For the lunar area of 25° on both sides of Surveyor’s 
longitude and for the latitude range going from 0° to ±12°, 
the results of the analysis can be summarized as follows: 

(1) The curves shown in Diagram I also appear in the Western 
Hemisphere but they evolve in an opposite sense. (2) For all 
curves, the convergences seem to occur at about the latitude 
corresponding to the center of Oceanus Procellarum. On the 
Eastern Hemisphere, they are directed toward Copernicus but 
slightly modified in their path by the presence of Kepler. 

On the Western Hemisphere, they are directed toward Cavalerius 
and their path is also slightly modified by the presence of 
Reiner. (3) The extremes of curves end successively at craters 
which are approximately situated along the longitude that runs 
through the center of Oceanus Procellarum; the last curve, in 
each hemisphere of this center, has ends at Aristarchus, while 
the other extreme ends in the center of a triangle formed by 
Gassendi, Mersenius and Zupus. One may notice that conver¬ 
gences at Flamsteed shown in Diagram I are only a result of 
taking that crater as a reference point. Actually, the 
extremes always end on craters, situated in the longitude 
cited, and Flamsteed is located in this longitude. 

For Oceanus Procellarum, lunar craters do not show any 
meteorite impact origin, as is claimed by many authors. 
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Their evolution, which will be discussed soon, also does not 
indicate subsequent modification by impacts of meteorites. 

From the finding of two families with their corresponding 
groups of craters, the following is apparent: (1) The 
origin of lunar craters seems due to internal and almost super¬ 
ficial explosions. The family composed of groups I, II and 
III is due to the first type of explosion. Because the 
inner material is more or less ejected on the lunar surface, 
these groups of craters often have rays which consist of 
material that reflects.more sunlight than it absorbs. The 
family composed of groups IV, V and VI is due to the second 
type of explosion; the material ejected, not too far from 
the crater's center, comes from a relatively small depth 
and this is the reason that such craters are not rayed and, 
therefore, adsorb more sunlight than they reflect. (2) If 
explosions are small but numerous in a very thick layer, 
then the resulting ''bubbling effect" would form a tremen¬ 
dous quantity of "minute, very small and smaller" craters on 
the lunar surface. Since the moon is not a "dead body", a 
weak and almost superficial activity may cause coloration 
changes (brightening or darkening) on the surface; this would 
explain the two cases A r and A g previously described. 

With regard to the evolution of craters, a graphical 
representation is given in Figure 19 for some examples of 
craters considered in Figure 14, The word "evolution" used 
here is not related to the age but to the way in which craters 
were formed with respect to the strength of material ejection 
and ejection angle with respect to the lunar surface. Judg¬ 
ing from Figure 19, the size does not necessarily correspond 


45 



to the sequence groups I, II and III or IV, V and VI in the 
families shown. The impression is that, for the family of 
groups I, II and III, such evolution has been as follows: 

(1) If the strength of ejection material is strong and the 
said material has been ejected at an angle nearly normal to 
the lunar surface, the resulting crater is both large and has 
large extensions of material radiating from its rims; examples 
are Copernicus, Kepler and Aristarchus. (2) If the strength 
of ejection material is strong but the angle is less important 
than that of (1), the crater would always be large, but not 
have such extensive rays; this is the case of the crater 
Euler. (3) If the strength of ejection material is moderate 
and the ejection occurs at medium angle, the resulting crater 
would not be as large and its rays would not go far from the 
rims; Kepler C is a good example. In relation to the family 
of groups IV, V and VI, the explanation above would be the 
same with the difference being that the ejected material 
comes from a relatively shallow depth. 
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CONCLUSION 


In conclusion, the "equivalent albedo" obtained in this 
third report indicates that the astronaut should not explore 
certain types of craters. It is difficult to say in what way 
his life might be exposed to dangers, but, from this analysis, 
it appears that the groups I, II and III of craters are not 
completely extinguished as yet. Also, the smaller craters 
designated by Aand A g must be avoided since they seem 
to be a sign of some weak, but almost constant, lunar activity 
fairly close to the surface. This is also indicated in 
Figure 20, where groups of the first family show a decreasing 
"equivalent albedo" from the periphery in toward the center. 
Also, with respect to the cases A and A. , one sees in 
Figure 21 that they are just between the two families of 
craters already mentioned. Identification of rayed craters, 
including A r and A^ craters prior to the launch of the 
manned spacecraft, can be made by using the procedure 
explained in Figure 15. 
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PROGRAM RECOMMENDED TO ASSIST THE 
NASA LUNAR APOLLO PROGRAM 


As related in the preceding Reports 1 and 2, and also 
described in this report, the aim of this research is to assist 
NASA in its efforts to select the safest area for landing a 
manned spacecraft on the lunar surface. The fact that it is 
a question of a manned spacecraft has made it necessary to 
attempt to obtain the most precise analysis possible of lunar 
photographs before preparing final recommendations on this 
subject. Hence, the rationale for a precise method of data 
reduction, to analyze the behavior of lunar temperature, the 
lunar morphology, peculiarities of specific surface topographic 
features and, finally, to determine as much as possible about 
the composition of the potential landing sites was developed. 
After the conception of the method for extrapolating data by 
using the successive transformations, and its direct applica¬ 
tion to the study of lunar temperature and surface composition, 
lunar photography analyses will be completed with specific 
spectral photometric and polarimetric interpretations for 
interesting lunar landing sites. 

To assist the Nasa Lunar Apollo Program, the "Successive 
Transformation Method" has been applied to the study of 
Ranger, Surveyor and Orbiter photographs following the 
pattern shown below: 

First Part: (I) - General development of the new data extrapo¬ 
lation method (completed). (II) - First applica¬ 
tion to study the variation of behavior of the 
lunar surface temperature (completed). (Ill) - 
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Second application to the study of the composition 
of the lunar material (completed). IV) - Addendum 
Test of the data extrapolation method procedure 
by localizing Surveyor on the lunar surface and, 
also, by showing that an Orbiter II photograph 
attributed to Copernicus corresponds to Kepler. 

Second Part: (V) - Analysis of the Ranger, Surveyor and 

Orbiter photographs using the results obtained 
from steps (II) and (III). (VI) - Detailed 
study of the selected landing sites of NASA 
utilizing the results obtained from steps (II), 
(III) and (V). (VII) - Using the results 
obtained from steps (II), (III), (V) and (VI), 
preparation of recommendations for the land¬ 
ing of the spacecraft and for the astronaut. 

(VIII) - Addendum : To obtain additional informa¬ 
tion such as using lunar spectral photometric 

and polarimetric observations in order to perfect 
the recommendations furnished by step (VII). 
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